A single-factor fi eld experiment was carried out at the Cultivar Evaluation Station in Szczecin-Dąbie in 2008 In the experiment, the compost produced with municipal sewage sludge by the GWDA method was used and high-calcium brown coal ash at a dose corresponding. Signifi cantly more phosphorus, magnesium and sulphur was contained by Virginia fanpetals biomass from the objects where municipal sewage sludge compost had been applied without and with addition of high-calcium brown coal ash when compared to calcium carbonate or high-calcium brown coal ash being introduced into soil at the beginning of study. Differences in average nitrogen, potassium and calcium contents in the test plant biomass from particular fertilisation objects were not signifi cant. The macroelements uptake by Virginia fanpetals biomass depended on the yield size and the content of chemical elements under discussion in it.
INTRODUCTION
During the technological process of brown coal combustion in heat generating plants and combined heat and power plants, the waste in the form of high-calcium brown coal ash is being obtained. Inappropriately controlled or managed brown coal ash may be a source of air, water and soil pollution. Substantial quantities of ash have been and are still being stored in landfi ll sites which occupy larger and larger areas and therefore should be excluded from environmental use. High-calcium brown coal ash are characterised by alkaline reaction (pH 9-12.5), which is induced by high CaO and MgO contents. They are non-structural, fi ne grain material with predominance of the dust fraction (0.1-0.02 mm). Phosphorus and potassium contents in high-calcium brown coal ash are similar to their amounts being found in arable soils
1-3
. Over the last several years, many new municipal sewage treatment plants have been modernised and constructed in Poland. The produced reclaimed wastewater are being drained to water streams or used or used in agriculture for spray irrigation of fi elds. The by-products being produced during sewage treatment, i.e. the wastes which include sewage sludge, pose a problem.
The sewage sludge coming from municipal sewage treatment plants are characterised by large manurial and soil-forming values. It was found, based on many chemical analyses, that composts being produced with sewage sludge contained considerably larger quantities of nutrients for plants, frequently exceeding their content in manure 4-10 . To obtain a large quantity of Virginia fanpetals biomass, substantial quantities of nutrients are required which can be supplied among others in the form of composts produced with sewage sludge and other wastes, e.g. high-calcium brown coal ash.
The carried out study aimed at determining the direct effect and the after-effect of municipal sewage sludge compost applied without and with addition of highcalcium brown coal ash (waste) as a de-acidifying fertiliser on the content of nitrogen, potassium, phosphorus, magnesium, calcium and sulphur and the dynamics of their uptake by Virginia fanpetals (Sida hermaphodrita Rusby) biomass during three-year cultivation.
*Part of this study was conducted within the framework of a research and development project No. 0397/R/ P01/2008/04
MATERIAL AND METHODS
A single-factor fi eld experiment was carried out at the Cultivar Evaluation Station in Szczecin-Dąbie in 2008-2010 on 33 m 2 experimental plots. Each experimental object was performed in four replications.
In respect of granulometric composition, the soil on which this experiment was set up is classifi ed into the category of light soils, of soil quality class IVb and good rye complex. It had been formed from light loamy sand (lls). It was characterised by acidic reaction (pH KCl 5.30), which was an indication to carry out liming. The total content of macroelements for that type of soil was below average. The content of macroelements in Virginia fanpetals biomass in successive study years was determined in average samples from four replications of each fertilisation object. The nitrogen content was determined by Kjeldahl Table 1 . The content of nitrogen, phosphorus and potassium in Virginia fanpetals biomass in g•kg -1 method (PN ISO 13878), the phosphorus content by the colorimetric method according to Barton and that of sulphur by means of the nefelometric method on a Perkin Elmer Lambda EZ 150 apparatus, while potassium, magnesium and calcium contents by the method of atomic absorption spectrometry on a Perkin Elmer AAS 300 spectrometer. The stock solution was obtained after previous wet mineralisation of plant material according to the Polish standards PN-ISO 11466 and PN-ISO 11047.
The content of macroelements was processed statistically by the analysis of variance method according to Statistica 8.0 PL computer software package. In the case of signifi cant differences, the Tukey's test was used at signifi cance level p=0.05.
RESULTS AND DISCUSSION
The excessive content or defi ciency of macroelements in plants may reduce their quality being considered from the point of view of industrial processing. This also points to the dynamics of nutrients passage from soils to plants [16] [17] . Virginia fanpetals biomass contained on average the most nitrogen , it can be stated that nitrogen, potassium and calcium contents in Virginia fanpetals biomass being obtained in the present study were average, whereas phosphorus and magnesium ones were half as high.
Average phosphorus and magnesium contents in the biomass of test plant in the particular study years slightly differed and amounted, respectively, to 0.27 to 0.30g P•kg -1 d.m. and 0.69 to 0.78 g Mg•kg -1 d.m. Higher macroelements content was found in the biomass of test plant from the objects where municipal sewage sludge had been applied without and with addition of high-calcium brown coal ash (fertilisation objects III, IV and VI) when compared to those where organic fertilisation had not been used (fertilisation objects I, II and V). However, differences in the average content of nitrogen, potassium and calcium in Virginia fanpetals biomass between respective experimental objects were not signifi cant (Tab. 1 and 2).
On average, more nitrogen was contained by Virginia fanpetals biomass from the objects where municipal sewage sludge compost had been applied without and with addition of high-calcium brown coal ash (respectively 3.34 and 3.69 N g•kg -1 ) when compared to calcium carbonate (2.79g N•kg -1 ) or high-calcium brown coal ash (2.86g N•kg -1 ) (fertilisation objects I and II). Differences in the average content of nitrogen in test plants from the objects with municipal sewage sludge compost without and with addition of high-calcium brown coal ash were not signifi cant. No signifi cant differences were observed either in average nitrogen content in test plant biomass between the objects where only calcium carbonate or high-calcium brown coal ash had been introduced into soil at a dose of 1.5 Mg CaO•ha -1 (Tab. 1). Average increase in the nitrogen content in the test plant biomass was found, respectively by 25.8% and 22.7%, between the objects where organic fertilisation had been applied without and with addition of high-calcium brown coal ash when compared to those with high-calcium brown coal ash or calcium carbonate.
Signifi cantly more phosphorus (0.37g P•kg -1 d.m.) was contained by Virginia fanpetals biomass from the object with municipal sewage sludge compost and high-calcium brown coal ash being introduced into soil at a dose of 1.5 Mg CaO•ha -1 in the fi rst year of study and 0.75 Mg CaO•ha -1 in following study years when compared to those with calcium carbonate and high-calcium brown coal ash being applied at the beginning of experiment and annually (fertilisation objects I, II and V).
Increase in the phosphorus content between these objects amounted respectively to 68.2% and 76.2%. Differences in average phosphorus content Virginia fanpetals biomass between the objects with municipal sewage sludge compost without and with addition of high-calcium brown coal ash were not signifi cant (Tab. 1).
The most potassium was contained by the biomass of test plant from object VI, i.e. 4.31g K•kg -1 d.m., when compared to other fertilisation objects (Tab. 1). Differences in average potassium content in the biomass of test plant harvested from respective fertilisation objects were not signifi cant (Tab. 1). However, despite the lack of signifi cant differences in the potassium content in test plant biomass, an increase was found between this object (fertilisation object VI) and other ones (fertilisation objects I, II, III, IV and V), respectively by 20.7%, 22.8%, 6.68%, 5.37% and 18.1%.
On average, signifi cantly more magnesium was contained by test plant biomass from the object where municipal sewage sludge compost had been applied with annual introduction of high-calcium brown coal ash into soil (0.86g Mg•kg -1 d.m.) when compared to that where only calcium carbonate had been applied (0.60g Mg•kg -1 d.m.). Average increase of its content in Virginia fanpetals biomass between these objects amounted to 43.3% (Tab. 2).
On average, the least calcium was contained by test plant biomass from the object with calcium carbonate being introduced into soil at a dose of 1.5 Mg CaO•ha -1 (5.14 Ca g•kg -1 d.m.) when compared to other fertilisation objects (Tab. 2). Differences in average calcium content in the biomass of test plant harvested from particular fertilisation objects were not signifi cant (Tab. 2). Despite the lack of signifi cant differences in the calcium content in test plant biomass, an increase was found in its content between fertilisation object I and other ones (fertilisation objects II, III, IV, V and VI), respectively by 7.78%, 10.9%, 25.1%, 13.03% and 20.6%.
Average sulphur content in Virginia fanpetals biomass amounted to 1.14 g•kg -1 d.m. It was fi ve times higher when compared to that reported 20-21 which amounted respectively to 0.25 and 0.33 g S•kg -1 d.m. When comparing the obtained study results, it can be stated that the content of nitrogen in Virginia fanpetals biomass was similar, that of phosphorus and potassium was slightly lower, that of calcium was half as low, while that of magnesium was one time higher when compared to the fi ndings being reported 21 . Average increase in the macroelements uptake by Virginia fanpetals biomass from the objects being fertilised with municipal sewage sludge compost without and with addition of high-calcium brown coal ash at the begin-ning of study and annually (fertilisation objects III, IV and VI) amounted to 41.1% for nitrogen, 31.2% for potassium, 39.6% for calcium, 59.3% for magnesium and 55.5% for sulphur when compared with that being fertilised with calcium carbonate only (fertilisation object I). The least phosphorus uptake by Virginia fanpetals biomass was found in the object with high-calcium brown coal ash being introduced into soil at a dose of 1. . Decidedly more nitrogen, phosphorus, potassium, calcium, magnesium and sulphur was contained by Virginia fanpetals biomass from the objects where municipal sewage sludge compost and high-calcium brown coal ash had been applied when compared to those where organic fertilisation had not been used. The obtained study results show that macroelements contained in the compost affected the increase of their content in test plant biomass.
The studies carried out 22-27 confirm that sewage sludge and composts produced with it affect plant yield increase, their macroelements content and uptake as well as improve soil water and air properties, stabilise their reaction and increase their organic matter content. The increase in the macroelements content in Virginia fanpetals biomass and at the same higher macroelements uptake in it in the objects with municipal sewage sludge and high-calcium brown coal as compared to that where only municipal sewage sludge compost had been applied may be substantiated by the effect of calcium and soil pH (pH KCL ) on the intensity of microbiological processes taking place in soil. This is confi rmed by the study results being obtained 28-32 which found that nutrients being so far non-assimilable by plants turn into available forms as a result of these processes, and thus a plant is able to absorb them.
The total uptake of macroelements by Virginia fanpetals biomass was by far the least in the objects with calcium carbonate and high-calcium brown coal ash (fertilisation objects I and II). However, these statistical differences were proved only in case of nitrogen and potassium. The highest uptake of macroelements during three study years was found in fertilisation objects III, IV and VI (Tab. 3). The applied calcium carbonate and high-calcium brown coal ash being introduced into the soil at the beginning of the study (fertilisation objects I and II) induced a signifi cant decrease in the total macroelements uptake when compared to other fertilisation objects. When analysing the dynamics of macroelements uptake, it was found to be decidedly lower in the fi rst year of study and ranged from 4.94% to 10.3%. It increased in the next study years, reaching the highest value of 58.5% in the last year of study. The macroelements uptake by Virginia fanpetals biomass depended on the yield size and the content of the chemical elements under discussion (Fig.1.) .
It results from the carried out examinations that there is a correlation between the municipal sewage sludge compost and high-calcium brown coal ash leading to an increase in the macroelements content and their uptake by Virginia fanpetals biomass. Municipal sewage sludge compost with the addition of high-calcium brown coal ash being applied in the fi rst year of study and annually contributed to the increase of average content of nitrogen, phosphorus, magnesium and sulphur in Virginia fanpetals biomass, respectively by 32.2%, 68.2%, 43.3% and 56.5%, when compared to the fertilisation object with calcium carbonate.
3. Signifi cantly more phosphorus, magnesium and sulphur was contained by Virginia fanpetals biomass from the objects where municipal sewage sludge compost had been applied without and with addition of high-calcium brown coal ash when compared to calcium carbonate or high-calcium brown coal ash being introduced into soil at a dose of 1.5 t CaO•ha -1 . 4. Differences in average nitrogen, potassium and calcium contents in the test plant biomass from particular fertilisation objects were not signifi cant.
5. The macroelements content in the biomass of Virginia fanpetals under cultivation (mean value of three harvests during three years of its cultivation) can be arranged in the following descending order: Ca > K > N > S > Mg > P.
6. Total macroelements uptake by Virginia fanpetals was by far the least in the objects with calcium carbonate and high-calcium brown coal ash. The highest uptake of macroelements during three study years was found in the objects with municipal sewage sludge compost without and with addition of high-calcium brown coal ash (fertilisation objects III, IV and VI). 
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